The association between obesity and diabetic retinopathy (DR) is equivocal, possibly owing to the strong interrelation between generalized and abdominal obesity leading to a mutually confounding effect. To our knowledge, no study in Asia has investigated the independent associations of these 2 parameters with DR to date.
D iabetic retinopathy (DR) is the most common visual complication of diabetes mellitus 1 and is a leading cause of vision loss and blindness worldwide. 2, 3 Owing to the expected increase in DR prevalence in the coming years, 4 implementation of strategies to reduce the burden of DR is imperative and demands an accurate understanding of the factors associated with DR, which remain inadequately understood despite extensive research. Obesity is an established risk factor for type 2 diabetes 5, 6 and has also been posited to be a possible risk factor for the pathogenesis of DR. 7 According to the World Health Organization (WHO), 8 2 separate classifications of obesity exist: generalized obesity, defined as body mass index (BMI, calculated as weight in kilograms divided by height in meters squared) of 30 or greater, and central/abdominal obesity, assessed using waist circumference and/or waist to hip ratio (WHR). However, evidence supporting the association between generalized and abdominal obesity with DR has proven inconclusive. For instance, a higher BMI was separately reported to be associated with, 9 or protective for, 10 the presence of any DR. Similarly, equivocal results exist for the WHR-DR association.
11,12
The lack of consensus in the association between these obesity-related parameters with DR may in part be due to the interrelation between the 2 factors. [13] [14] [15] However, to our knowledge, no study has accounted for this mutually confounding effect in its analyses. In this study, we assessed the associations between generalized obesity (defined by BMI) and abdominal (assessed using WHR) obesity with the presence and severity of DR in a well-characterized sample of Asian individuals with type 2 diabetes.
Methods

Study Population
The Singapore Diabetes Management Project is a clinic-based cross-sectional study investigating the clinical, behavioral, and environmental barriers associated with optimal diabetes care in patients with diabetes with and without DR. In brief, we recruited a total of 498 individuals with types 1 and 2 diabetes, aged 21 years and older, from the Singapore National Eye Centre from December 2010 to September 2013. All participants were free from cognitive impairment (assessed using the 6-item Cognitive Impairment Test), 16 were of sufficient hearing to be able to conduct normal conversations, and lived independently in the community (ie, not living in assisted care facilities). The presence of diabetes was defined as physiciandiagnosed diabetes, with the information retrieved from participants' case notes. Written informed consent was obtained from all participants and the study was approved by the Singapore Centralized Institutional Review Board (reference 2010/470/A) and adhered to the tenets of the Declaration of Helsinki. For this study, we included participants with type 2 diabetes of Asian ethnicity (Chinese, Malay, and Indian) who had gradable fundus photographs and optical coherence tomographic (OCT) images of 6-signal strength or greater (n = 420).
Assessment of BMI and WHR
For all measurements, participants were required to remove their shoes and heavy objects such as belts, cell phones, keys, and wallets. Height was measured in centimeters using a wallmounted measuring tape and weight in kilograms using a digital scale. Body mass index, calculated as weight in kilograms divided by height in meters squared, was categorized into underweight (<18.5), normal (18.5-4.9), overweight (25-29.9), and obese (≥30), according to WHO-defined international BMI cut points. 8 However, owing to the small sample size of individuals who were underweight (n = 4), we had to combine the underweight and normal weight categories. For supplementary analyses, we also categorized BMI using the Asian cut points for obesity as recommended by the WHO 17 (<23 for under/ normal weight, 23-27.5 for overweight, and >27.5 for obese). Both waist and hip circumferences were assessed using a nonstretchable medical tape. Waist circumference (in centimeters) was taken at the smallest horizontal girth between the costal margins and the iliac crests at the end of tidal expiration, while hip measurements (in centimeters) were made at the maximal protuberance of the buttocks. The WHR was calculated by dividing the waist by the hip circumferences.
Assessment of DR and Diabetic Macular Edema
The presence and severity of DR was graded from 2-field fundus photographs (Canon CR6-45NM; Canon Inc) using the modified Airlie House classification system into none (Early Treatment Diabetic Retinopathy Study levels 10-15), mild nonproliferative DR (NPDR) (level 20), moderate NPDR (levels 31-43), severe NPDR (levels 53-60), and proliferative DR (levels 61-80). Diabetic macular edema (DME) was defined by hard exudates in the presence of microaneurysms and blot hemorrhage within 1 disc diameter from the foveal center or the presence of focal photocoagulation scars in the macular area. Clinically significant macular edema (CSME) was considered present when the macular edema was within 500 mm of the foveal center or if focal laser photocoagulation scars were present in the macular area. These were confirmed using central macular thickness measurements using OCT (described here). For analytical purposes, we reclassified the severity of DR as none (levels 10-15), mild-moderate (levels 20-43), and severe DR (≥level 53 and/or presence of CSME). Data from the worst eye were used, and if images from both eyes were ungradable, the participant was excluded from analyses.
At a Glance
• To investigate the associations of generalized (defined by body mass index) and abdominal (assessed as waist to hip ratio) obesity with diabetic retinopathy in a clinical sample of Asian patients with diabetes.
• The study sample consisted of 420 participants with type 2 diabetes from the Singapore Diabetes Management Project, a clinic-based cross-sectional study.
• While a higher body mass index was inversely associated with diabetic retinopathy in the overall population, a higher waist to hip ratio was associated with the presence and severity of diabetic retinopathy in women only.
Assessment of Macular Thickness
Macular thickness measurements were assessed by spectraldomain OCT (Cirrus Version 3.0; Carl Zeiss Meditec) using the macular thickness cube scan protocol (512 × 128). Only scans with signal strength of 6 or greater were included. Central macular thickness was defined as the central circular zone of 1 mm in the scan.
Assessment of Covariates
Information on participants' demographic and socioeconomic characteristics (eg, age, sex, income, and education), lifestyle factors (eg, smoking), and medical history (eg, duration of diabetes) was collected using a standardized questionnaire. Trained personnel performed blood pressure measurements using a digital blood pressure machine (Dinamap Pro 100 V2; GE Heathcare). Nonfasting venous blood samples were also collected to assess glycated hemoglobin (HbA 1c ), serum total cholesterol, high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol, and triglyceride levels. All samples were analyzed at the Singapore General Hospital Hematology Laboratory. The HbA 1c level was assessed via immunoassay conducted using the Roche Cobas c501 (Roche Diagnostics). 18 Likewise, serum total, HDL, and low-density lipoprotein cholesterol and triglyceride levels were assessed via spectrophotometry conducted using the Beckman Coulter Unicel DxC 800 (Beckman Coulter Inc). Total cholesterol to HDL cholesterol ratio was used as a measure of dyslipidemia in analyses because this measure has been demonstrated to have greater predictive value in terms of physiological and clinical significance than isolated parameters used independently. 19 
Statistical Analysis
All analyses were done using intercooled Stata version 12.1 for Windows (StataCorp). We included all participants with type 2 diabetes and gradable fundus and OCT images in analyses; 420 (84.3%) satisfied these criteria. Participants' characteristics with and without DR were compared using the χ 2 statistic for proportions and a t test and/or Mann-Whitney U test for means or median as appropriate. Body mass index was analyzed continuously and categorically (using both the international and Asian WHO definitions for generalized obesity as described here), and WHR was assessed continuously and categorically in tertiles. Binomial and multinomial logistic regression models were then used to assess the associations between BMI and WHR with the presence and severity of DR (outcome), respectively, adjusted for potential confounding factors established in previous research, regardless of whether they were significant in univariate analyses. These variables included age, sex, ethnicity, insulin use, lipid-lowering medication use, triglyceride level, HbA 1c level, systolic blood pressure, diabetes duration, total to HDL cholesterol ratio, BMI, and WHR. Ordinal logistic regression models were also used to estimate the overall trend of the categorical exposures with the presence and severity of DR. Because a significant interaction between sex and WHR was found (P = .006; see the Results section), we also conducted sex-stratified analyses of the 2 exposures with the presence of DR. Because only WHR displayed sex-specific differences in associations with DR presence, we did sex-stratified analyses for WHR with DR severity ( Table 1) .
Results
A total of 420 patients with type 2 diabetes were included in this analysis, consisting of 317 Chinese (75.5%), 36 Malay (8.6%), and 67 Indian (16.0%) individuals. The median age was 59 years (interquartile range, 9.9 years) and of these patients, 237 (56.4%) had DR, consisting of 123 (51.9%) with mild-moderate DR and 114 (48.1%) with severe DR. 
Association of BMI With Any DR
In multivariable adjustments, we observed that increasing categories of BMI were associated with lower odds of DR (P for trend = .02; Table 3 ; model 2). This inverse association persisted when BMI was analyzed as a continuous variable (odds ratio Table 3 ; model 2). Sex-stratified analyses found similar inverse BMI-DR associations in both sexes, although the association was attenuated in women (Table 1) . In addition, supplementary analyses for the BMI-DR categorical associations using the Asian cut points for obesity revealed that although the association was attenuated (P for trend >.05; eTable 2 in the Supplement), the inverse direction of the association remained unchanged. Ethnicity-stratified analyses of BMI revealed similar inverse BMI-DR associations between the 3 different ethnicities, although the associations were attenuated in Malays and Indians (P > .05 for both; data not shown). Table 4 shows the associations between BMI and the severity of DR. In multivariable-adjusted models, categorical analysis of BMI failed to reveal any significant trends with increasing categories of generalized obesity (all P > .05), although per unit increase in BMI was still associated with a lower likelihood of having both mild-moderate DR (OR, 0.90; 95% CI, 0.84-0.97 per unit increase), and severe DR (OR, 0.92; 95% CI, 0.85-0.99; model 2). Supplementary analyses using the Asian cut points for obesity showed similar nonsignificant categorical trend results for mild-moderate DR and severe DR (P > .05; eTable 2 in the Supplement).
Association of BMI With the Severity of DR
Association of WHR With Any DR
After categorization of WHR into tertiles, we identified in multivariable analyses that those in the highest tertile of WHR measurements were more likely to have any DR compared with those participants in the lowest WHR tertiles (OR, 1.88; 95% CI, 1.01-3.51) with a significant trend (P for trend = .04; Table 3 ; model 2). In addition, we demonstrated a linear association of increasing WHR with a greater likelihood of having any DR (OR, 1.47; 95% CI, 1.01-2.13 per 0.1-unit increase) after multivariable adjustments (Table 3; model 2) .
Moreover, we further observed a significant interaction between sex and WHR (P = .006). Sex-stratified analyses revealed that in women, higher WHR was associated with the 
Association of WHR With Severity of DR
In sex-stratified multivariable-adjusted WHR-DR severity associations, a positive association was observed in men for both mild-moderate and severe DR, although these associations were not significant (all P > .05; 
Discussion
The current study investigated the association between generalized obesity (in the form of BMI) and abdominal obesity (assessed using WHR) with the presence and severity of DR in a clinical sample of multiethnic Asian adults with type 2 diabetes in Singapore. We identified an inverse association between BMI and the presence of any and mild-moderate, but not severe, DR, while higher WHR was associated with the presence of any, mild-moderate, and severe DR, although the WHR-DR association was attenuated in men. Our results suggest that abdominal, and not generalized, obesity may play an important role in the pathophysiology of DR in patients with type 2 diabetes.
As noted previously, current research on the association between BMI and DR has been equivocal, which could be owing to their failure to account for the interdependence between generalized and abdominal obesity. Our data demonstrate that BMI is inversely associated with the presence and severity of DR independent of WHR. Interestingly, our results concur with studies conducted in Asian populations, which demonstrate either a nonsignificant or inverse BMI-DR association. For instance, the Shanghai Diabetic Complications Study reported no significant BMI-DR associations, 20 while Lim et al 21 and Rooney et al 10 found evidence of an inverse association of BMI with the presence and severity of DR, using data from the Singapore Epidemiology of Eye Diseases cohort studies. In contrast, Western studies have reported opposing results: the Australian Diabetes Management Project, our sister study conducted in Victoria, Australia, found a detrimental association of higher BMI with DR; similarly, the Hoorn Study conducted in the Netherlands again demonstrated a significant association between higher BMI and odds of having DR.
9
While it may be argued that this discrepancy could partially be because both Asian studies used obesity classifications meant for white 8 instead of Asian 17 individuals, supplementary analyses with the Asian categorizations demonstrated that the BMI-DR association remained largely unchanged. 10 However, as these studies did not account for the mutually confounding effect of generalized and abdominal obesity, the robustness of their findings may have been affected. Therefore, more research on the effect of ethnicity on the association between BMI and DR may be warranted. Copyright 2016 American Medical Association. All rights reserved.
The exact mechanism underlying the protective BMI-DR association that we observed is still unclear. It is possible that patients with uncontrolled or poorly controlled diabetes and multiple comorbidities may have unintentional weight loss resulting in a lower BMI, as compared with individuals with wellcontrolled diabetes. However, BMI may not be an accurate measure of generalized obesity because, as its name alludes, it also includes both muscle and bone mass. Therefore, further longitudinal studies using more accurate measures of total body fat (eg, using dual-energy x-ray absorptiometry) are needed to determine the temporal nature of the generalized obesity-DR association.
In contrast to the protective association between BMI and DR, we found that WHR was associated with overall worse DR outcomes (presence and severity), although sexstratified analyses revealed that these associations were attenuated in men. The pathophysiological mechanisms underpinning the detrimental WHR-DR association are unclear; however, abdominal obesity has been found to contribute to insulin resistance 22 and inflammation, 23 both of which are believed to contribute to the pathogenesis of DR. [24] [25] [26] [27] To our knowledge, only one other study has reported these sex-specific WHR-DR findings: the SN-DREAMS Study found that women with isolated abdominal obesity (ie, metabolically obese, normal-weight individuals 28 ) were more likely to have DR. The authors posited that in women, the presence of abdominal obesity was a better marker of obesity-related metabolic risk, 29 leading to higher odds of DR. This is further supported by research showing that women in general are at a higher risk (than men) for cardiovascular complications resulting from insulin resistance 30 and diabetes, 31 both of which have been linked to abdominal obesity. 32 Therefore, it is conceivable that this sex-specific susceptibility may also be a factor in the detrimental WHR-DR association in women observed in our study. Thus, further longitudinal and experimental research (eg, animal models) is warranted to elucidate the temporal nature of, as well as the mechanisms underlying, this association. Interestingly, recent research has revealed dissimilar associated factors in the development of DR and DME, possibly implying differing underlying pathogenic mechanisms. For instance, Benarous et al 33 found that serum lipids were associated with the presence of CSME, but not DR, while our group demonstrated a significant association between estimated glomerular filtration rate and DR that was not present with DME in a clinical sample of patients with type 2 diabetes in Australia. 34 Owing to the small number of patients with CSME (n = 25), we grouped CSME together with severe NPDR-PDR cases for our analyses. However, supplementary analyses of BMI and WHR with CSME and central macular thickness revealed no significant associations (eTable 3 in the Supplement), despite the strong associations of the 2 exposures with the severity spectrum of DR. Hence, our results support the theory of different underlying pathophysiological processes between DR and DME. However, caution must be taken when interpreting our findings because our small sample size of patients with CSME may mean that our results were simply not powered enough to obtain significance. Therefore, further studies to determine the longitudinal impact of BMI and WHR on DME are warranted. The strengths of this study included the assessment of DR following standardized grading protocols and a comprehensive clinical examination protocol. However, there were some limitations. First, because of the cross-sectional nature of the study, causality and the temporal sequence of these associations cannot be determined. Second, because of the clinical sample, our results may not be generalizable to the general population. However, our results are relevant to the clinic population, which has a high proportion of cases with DR. Third, 2-field fundus photographs were used to grade for the presence of DR, possibly leading to an underestimation of DR presence. Last, owing to the low number of participants with type 1 diabetes in our study (n = 10), we did not assess the association of BMI and WHR with DR in patients with type 1 diabetes. Owing to the differences in pathogenesis between the 2 types of diabetes, 35, 36 the effect of obesity-related changes may differ as well. Therefore, further studies to confirm the differential association between BMI and WHR with DR in patients with type 1 diabetes are warranted.
Conclusions
This study provides evidence that a higher BMI is inversely associated with the presence and severity of DR in type 2 diabetes, while a greater WHR is associated with increased likelihood and severity of the disease, particularly in Asian women. Longitudinal studies are warranted to confirm the role of abdominal obesity in the pathogenesis of DR and our results may also inform future clinical trials to determine whether WHR is a more clinically relevant risk marker than BMI for individuals with type 2 diabetes. 
